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PROCESS FOR THE PREPARATION OF (Sl-GLYCERALDEHYDE ACETONIDE 

5 

The invention relates to a process for the preparation of (S)- 
glyceraldehyde acetonide from 3.4-O-lsopropylidene-Hhreonic acid or a salt thereof tn 
aqueous solution and hypochlorite in aqueous solution. 

(S)-gIyceraldehyde acetonide is a useful intermedate in the synthesis 

1 0 of, for instance drugs, agricultural chemicals etc. 

A process for the preparation of (S)-glyceraldehyde acetonide is 
known from EP-A-0 143 973, wherein (S)-glyceraldehyde acetonide is prepared from 
3,4-O^sopropylIdene-L-threonic acid or a salt thereof and hypochlorite under acid 
conditions. To obtain and maintain the acid conditions, according to EP-A-0 143 973 art 

15 aqueous mineral acid solution and an aqueous hypochlorite solution are separately but 
simultaneously added to an aqueous solution of 3,4-O-isopropyIfdene-L-threonic acid 
or a salt thereof or alternatively, an acidified solution of hypochlorite ion or 
hypochlorous acid prepared beforehand is added. 

A major disadvantage of the separate but simultaneous addition of 

20 the two solutions (the acid and the alkaline hypochlorite) is that, especially on a targe 
scale, it is very difficult to control the reaction engineering-wise, for example with 
respect to the pH A major disadvantage of th& addition of an acid solution of 
hypochlorite ion or hypochlorous acid is that such a solution is highly unstable and can 
easily lead to the liberation of Ckgas causing hazardous situations. 

25 Therefore, it is the object of the invention to provide a process for the 

preparation of (S)-gtyceraldehyde acetonide, wherein the disadvantages of the prior art 
are overcome. 

This object is achieved by using an aqueous solution of hypochlorite 
with a pH > 7.5 and by not adding an add solution simultaneously during addition of at 
30 least 0.1 molar equivalents of the hypochlorite based on the amount of 3,4-0 
isopropylidene-L-threonic acid or a salt thereof. 

Additionally, with the process of the invention, it has surprisingly been 
found that a higher yield of (S)-giyceraIdehyde acetonide based on 3,4-0- 
isopropylidene-L-threonic acid or a salt thereof is obtained and also that less by- 
35 products are formed. 
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The hypochlorite may be added in the form of an aqueous solution of 
a hypochlorite salt, for example an alkali metal hypochlorite salt, for example sodium 
hypochlorite that is commercially available or an earth alkali metal hypochlorite saft, for 
example calcium hypochlorite that Is commercially available. 
5 Preferably, the aqueous hypochlorite solution used in the process of 

the invention has a pH > 8.0, more preferably a pH > 9.0, in particular a pH > 10.0 is. 
Commercially available hypochlorite solutions usually have a pH well above 7.5. In 
case the hypochlorite solution does not have the desired pH, the person skilled in the 
art knows how to increase the pH of the solution (for example by adding a strong base, 
1 0 for example sodium hydroxide). Preferably the pH of the hypochlorite solution is < 14, 
more preferably < 13. 

Preferably, an add solution Is not simultaneously added during 
addition of at least 0.3, more preferably at least 0.5, in particular at least 0.8, more in 
particular at least 1,0, even more in particular at least 1 .2, even more in particular 1.5 
1 5 molar equivalents of hypochlorite based on the amount of 3,4-O-isopropyBdene-L- 
threonic acid or a salt thereof. Most in particular an acid solution is not simultaneously 
added during the addition of between 1 and 3 molar equivalents of hypochlorite based 
on the amount of 3,4-O-isopropylidene-L-threonic acid or a salt thereof. 

In one embodiment of the invention, the aqueous solution wherein 
20 3,4-O-isopropylidene-L-threonic acid or a salt thereof is present is a buffer system with 
a pH between 4 and 7. The presence of a buffer system offers a very stable and easy 
to handle process for the production of (S)-glyceraidehyde acetonide. 

Preferably the pH of the buffer «y^6jT> is between 4.5 and 6.5, most 
preferably between 5 and 6. This buffer may be prepared using various acid/base 
25 combinations but preferably a carboxylio acid/carboxylate buffer, for example acetic 
acid/acetate is used. For instance, in order to maintain the pH value of the aqueous 
solution between 5 and 6 during the hypochlorite addition, it is possible to use an acetic 
acid/acetate buffer of approximately pH 5 with a concentration of the acetic 
acid/acetate chosen such that the pH value after the addition of the full amount of 
SO hypochlorite does not exceed 6, 

The I'e^ciioatempemajre is in principle not cntfcai. issnersily 
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3 to 25 wt% and most preferably in the range from 7 to 20 wt%. 

The total amount - based on the amount of 3,4-04sopropylidene-L- 
threonic acid or a salt thereof- of hypochlorite added is generally between 1 and 3 
molar equivalents, preferably in an amount of between 1.2 and 2.5 molar equivalents; 
5 In order to determine the amount of hypochlorite, the commercial aqueous (alkaline) 
hypochlorite solution can be assayed for active chlorine by methods known by a person 
skilled in the art. The molar amount of active chlorine determined is equal to the molar 
amount of hypochlorite present in the solution. 

It has been found that if the aqueous hypochlorite solution is added 
10 to the 3,4-O-isopropylidene-L-threonic acid or a salt thereof in aqueous solution in less 
than 10 minutes, the yield of (S)-glyceraldehyde aoetonide is significantly reduced. 
Therefore, the hypochlorite solution is preferably added in more than 10 minutes, more 
preferably in more than 20 minutes. For economical reasons (to reduce the amount of 
reactor capacity), it is prefened not to make the time during which the hypochlorite 
16 solution is added too long. In practice therefore, the hypochlorite solution Is usually 
added in (ess than 2 hours. 

(S)^lyceraldehyde acetonide may be extracted from the aqueous 
solution In a manner known perse, for example as described in example 3 herein. 
Preferably. (S)-glyceraldehyde acetonide Is extracted into tetnahydrofuran, 
20 3,4-O-isopropylldene-L-threonic acid or a salt thereof may be 

prepared from 5,6-O-lsopropyIidene-L-ascorbic acid or a salt thereof, by reaction of 
6,6-O-isopropyIidene-L-ascorbte acid or a salt thereof with hydrogenperoxfcte (H2O2) 
and a base in a manner known per se. For example, EP-A-0 1 43 973 shows the 
production of 3,4-O-isopropylidene-L-threonlc acid or a salt thereof by dropwise 
25 addition of HaO a to a solution of S.S-O-isopropyKdene-L-ascorbte acid and calcium 
carbonate. 

In order to obtain a satisfactory conversion of 5,6-O-isopropylidene-L- 
ascorbic acid or a salt thereof to 3.4-CWsopropylidene-L-threonic acid or a salt thereof 
an excess of H 2 0 2 , based on 5,6<Msopropylidene-L-ascorbfc acid or a salt thereof is 

30 usually used. For safety reasons, the remaining H 2 Oz is preferably removed prior to 
further processing, forexample by using metal catalysts, which decompose the H 2 0 2 
into H 2 0 and O a . For instance. In EP-A-143 973, ft is shown that in a process for the 
production of 3.4-O-isoprepylldene-L-threonic acid from 5,6-OIsopropylidene-L- 
ascorbic acid H 2 0 2 may be decomposed by using palladlum-on-carbon (Pd/C). Use of 

35 metal catalysts, such as Pd/C, for the removal of excess H 2 O z has several 
disadvantages. 
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For example, metal catalysts, such as Pd/C, need to be removed 
prior to further processing (such as for example the conversion of the formed 3,4-0- 
isopropylidene-Uthreonic acid or a salt thereof to <S)-glyceraldehyde acetonide). Such 
a removal of the Fd/Ocatafyst results In the loss of a significant amount of the 3,4-0- 

5 isopropylidene-L-threonlc acid or a salt thereof (and hence a lower yield). Additionally, 
metal catalysts such as Pd/C are expensive and difficult to recycle. Also, the H 2 0 2 
decomposition reaction with metal catalysts usually requires an elevated temperature 
giving partial loss of the 3,4-OIsopropylidene-L-threontc acid or a salt thereof due to 
side reactions and leading to a potentially hazardous situation due to the coincidence 

10 of a high 0 2 concentration and a high temperature. 

It has been found that these disadvantages are overcome if catalase 
is used to remove H2O2. By using catalase, a higher yield is obtained, catalase is cost- 
effective (since only small amounts of catalase are sufficient to remove excess H 2 Os> 
and the H 2 0 2 decomposition with catalase can be conducted at ambient temperature 

15 so that no 3,4-O-Isopropyl fdene-L-threontc acid or a salt thereof is lost by side 
reactions and the risk of a potentially hazardous situation Is minimized. 

Therefore, In a preferred embodiment of the invention, the invention 
also relates to a process for the preparation of (5)-gIyceraldehyde acetonide from 3,4- 
Ofsopropylidene-L-threonic acid or a salt thereof in aqueous solution, and hypochlorite 

20 in aqueous solution, wherein during addition of at least 0.1 molar equivalent of 

hypochlorite based on the amount of 3,4-O-isopropylidene-L-threonic add or a salt 
thereof, an acid solution is not simultaneously added and wherein the hypochlorite 
solution has a pn> 7v5r where^ add or a salt thereof 

Is prepared from 5,6<Msopropyltdene-L-ascorbic acid or a salt thereof in the presence 

25 of H 2 0 2 and a base in a manner known per se and optionally the excess H 2 0 2 is 
removed by catalase- 

In the scope of the invention, with catalase Is meant an enzyme 
which is capable of converting H 2 0 2 into K z O and 0 2 and which belongs to the enzyme 
group EC 1 .11.1.6, i.e., enzymes which do not need a donor, such as for example 

30 WADHg, pslmitste or ferrocytochrome C. Catalase from various sources is commercially 
available. 
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amount of 0 2 and the tower boundary being determined by too long reaction times. 

S^O-lsopropyHdene-L-ascorbic acid or a salt thereof on its turn may 
be prepared from L-asoorbic acid or a salt thereof by reacting L-ascorbic add or a salt 
thereof with an acetonide forming agent preferably in the presence of an acid catalyst. 
In the scope of the invention with acetonide forming agent is meant a reagent which 
can be used to convert a dlol Into an acetonide, for example acetone, 2,2-dimethoxy- 
propane or 2~methoxy-propene. Examples of an acid catalyst include p-toluenesulfonlc 
add or methanesulfonic add. 

The process of the invention will now be elucidated by way of the 
following examples without however being limited thereto. 



To illustrate the examples, the scheme below has been added 
Please note that this scheme is In no way meant to limit the scope of the invention. 



Scheme 




.OH 



acetonide, 
fomting agent 




1 HgO&base 

2 Catalase 




L-Ascorfoio acid 



5,6-O-isopropyfidene- 
LnAscorbicacid 



3,4-O-fsopropylidene- 
L-threonicacJd 



hypochlorite. 



H 2 0 




(S)-Glyceraldehyde 
acetonide 
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Example 1: Conversion of 5,6^isopropvlidene-L~as corbio add to 3.4-Q- 

isopropvlidene-L-threonic acid calcium salt with decomposition of 
excess HoO ? with catalase 



To a cooled (0 °C) suspension of 725 g (7-25 mole) CaC0 3 in 7040 g 
water, 875 g (4.05 mole) of 5,6-O-lsopropylidene-L-ascorbIc acid was added 
portionwise during 1 h. Subsequently, 1 g Perenol AMH-2 anti-foamlng agent was 
added. To the resulting reaction mixture, 1420 g aqueous H 2 0* (30 wt% solution, 1SL53 

10 mole) was added dropwise over 3 V* h, while the temperature was kept between 0 and 
10 °C. The reaction mixture was kept at 0 °C overnight and then sfowly heated to 
ambient temperature after which a solution of 1 g catalase (from bovine flver, Roche 
Diagnostics, 649400 U/ml) in 10 ml water was added dropwise during 1 h. After stirring 
for 1 h the remaining amount of H2O2 was < 0.5 ppm (as shown by a peroxide test strip* 

15 Merck Merckoquant 1.10011.0001) and the reaction mixture was heated to 50 °C and 
200 g Decaiite™ was added. The reaction mixture was filtered over a BOchner funnel 
and the solids were subsequently washed with 2.0 L warm (50 °C) water, yielding 
10019 g filtrate containing 717.2 g (1.84 mole) of 3,4-O-isopropylidene-L-threonic acid 
calcium salt with a chemical yield of 91% based on 5,6-O-isopropylidene-L-ascorbic 

20 acid. This solution was evaporated in vacuo to a stock solution containing 8.09 wt% 
3,4-O-isopropytidene-L-threonic acid calcium salt for further use in examples 2 and 3. 



Comparative example A : Conversion o f 5.6^isopropytidene-L-ascorbic add to 3.4- 
25 0~lsopropylidene-L4hreonic acid calcium salt with 

decomposition of excess H z O ? with Pd/C 

To a cooled (0 °C) suspension of 72.5 g CaC0 3 (0.725 mole) in 704 g 
water, 88.3 g (0.409 mole) of 5,6-O-Isopropylidene-L-ascorbic acid was added 
30 pcraonwlse during 30 min. To the resulting reaction mixture was added 0.12 ml Perenol 

AHM-2 .anii-foaming sgsni and subssGueniiy 142 g squsous H 2 C» 2 (30 wlvo bOiuticn, 
' 'IZ'Lmr^ - vas^dsc in:^s c^:r * Kmcrcf- :£ h. ^«^ms!rrf^ir.c; ;h= internal 
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amount of HaQa was < 0.5 ppm (as shown by a peroxide test strip, Merck Merckoquant 
1.10O1 1,0001). Subsequently, f 6 g Decalfte™ was added, the mixture stirred for an 
additional 30 min and filtered over a BQchner funnel and the solids subsequently 
washed twice with 1 00 ml warm (50 °C) water yielding 1 022 g of filtrate containing 61 .7 
5 g (0.1 58 mole) 3,4-O-isopropylidene-L-threonic add calcium salt with a chemical yield 
of 77% based on 5,6-O-isopropylidene-L-ascorbic acid. 

in conclusion, the special embodiment of the invention using catalase 
leads to a higher yield of the 3,4-O^sopropylldene-L-threonIc add calcium salt 
(example 1) than if a Pd/C catalyst is used (comparative example A). 

10 

Example 2: Conversion _of 3.4-0>feoDropy»dene-b-threonic acid calcium salt to < SI- 
glvceraldehvde acetonide without simultaneous addition of acid. 

Of the aqueous 8.09 wt% 3.4-Wsopropylidene-L-threonic acid 
15 caldum salt stock solution as obtained in Exampte 1 was taken 482 g (containing 39.0 
g, 100 mrnole 3,4-O-isopropylidene-L-threonic acid calcium salt) which was further 
concentrated in vacuo to 312 g and subsequently heated to 50 °C. To this solution was 
added dropwise over 41 min 146.4 g of an aqueous sodium hypochlorite solution 
(Acros, 12.6% weight active Clg). During the addition the pH initially increased to 6.9 
20 and then rapidly decreased to a stable value of 5.9. The mixture was coofed to ambient 
temperature (with the pH still being 5.9) and subsequently analysed by GC showing 
that 18.46 g (S)-glyceraldehyde acetonide had been obtained with a chemical yield of 
71% based on 3,4-OHSopropylidene-Lrthreonic add calcium salt 

25 Examp le 3: Conversion of 3.4Q^sopropylidene-L4hreonic acid caldum salt to (SV 
glvceraldehvd e acetonide without simultaneous addition of arid, in the 
presence of acetic acid/acetate buffer 

Of thfe aqueous 8.09 wt% 3,4-O-isopropylidene-L-threonic add 
30 calcium salt stock solution as obtained in Example 1 was taken 801 .3 g (containing 
64.8 g, 166.2 mrnole 3,4-O-fsopropyfidene-L-threonfc acid caldum salt) which was 
further concentrated in vacuo to 581 .1 g. To this solution were successively added 57.1 
g sodium acetate and 21.1 g of glacial acetic acid, yielding an aqueous solution of 3,4- 
O-isopropylidene-Mhreonic acid with a pH value of 5.0. The result! ng mixture was 
35 heated to 50 °C and 261.6 g of an aqueous sodium hypochlorite solution (Acros, 12.6% 
weight active Cl 2 ) was added dropwise over 1 h. The reaction mixture was stirred for an 
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additional 55 minutes and subsequently cooled to ambient temperature; the pH had 
become 6.0. After the addition of 1 50 g NaCI the mixture was extracted four times with 
750 ml tetra hydro furan (THF). yielding 2624 g extract containing 29.4 g (226.2 
mmole) (S)-giyceraldehyde acetonide with a chemical yield of 68% based on 3,4-0- 
5 isopropylidene-L-threonte acid calcium salt. 

Comparative example B: Conversion of 3.40isopropviidenesL-threonio acid calcium 

salt to (S)-qlvceraldehYde acetonide with simultaneous 
addition of acid 

10 

To a cooled (0 °C) suspension of 72.1 g CaCO a (0-72 mole) in 696 g 
water, 95 g (0.4 mole) of 5,6-O-fsopropylidene-L-ascorbic acid was added portionwise 
during 30 min. Subsequently, 1 13.3 g aqueous H2O2 (30 wt% solution, 1,00 mole) was 
added dropwise over a period of 3 Vk h, while maintaining the internal temperature at 0 

15 °C, The reaction mixture was stirred overnight at 0 °C and subsequently heated to 20 
°C during 1 h. 2.0 g Pd/C (20 wt%) and 20 g of activated carbon and 20 g DecaJite™ 
were added successively and the mixture was heated to 50 °C and stirred for 30 min. 
The reaction mixture was filtered over a BQchner funnel and the solids subsequently 
washed twice with 100 ml warm (50 °C) water yielding 1005 g of filtrate containing 60.1 

20 g (0.154 mole) 3,4-OisopropyBdene-L-threonic acid calcium salt This solution was 

concentrated In vacuo to 523.5 g. Part of this solution (261.7 g) containing 30.1 g (77.2 
mmole) 3,4-0-isopropylidene-L4hreonfc acid calcium salt was heated to 50 °C and 
subsequently aqueous 4 M \ SCI solution was added to adjust the pH to 5.0. To this 
mixture was added dropwise and under vigorous stirring 140.2 g of an aqueous sodium 

25 hypochlorite solution (Acres, 12.6% weight active Cfc) during 85 minutes and 

simultaneously an aqueous 4 M HCI solution was added dropwise (using a pH-stat 
apparatus) to keep the pH at 5.0. The reaction mixture was subsequently cooled to 
ambient temperature and analysed by GC showing that 12.3 g (S)-glyceraldehyde 
acetonide had been obtained with a chemical yield of 61% based on 3,4-0- 

30 i^opropyHdene-L-ihrsonic acid calcium salt. 

In conclusion, ftaprtoase of the invention iss showr, ir. <^cnmp!c£ 2 



7.0KT. 2003 14:55 OSM IP GELEEN 046-4761830 

9 



-9- 

CLA1MS 

1 . Process for the preparation of (SHjIyceraldehyde acetonide from 3,4-0- 
isopropylidene-L-threonic acid or a salt thereof in aqueous solution, and 
5 hypochlorite in aqueous solution, characterized in that the aqueous 

hypochlorite solution has a pH > 7.5 and in that an acid solution is not 
simultaneously added during addition of at least 0.1 molar equivalents of the 
hypochlorite* based on the amount of 3,4-O-isopropylidene-L-threonic acid or 
a salt thereof. 

10 2. Process according to claim 1 , characterized in that an acid solution is not 
simultaneously added during addition of at least 0.5 molar equivalents of 
hypochlorite based on the amount of 3,4-O-isopropylidene-L-threonfc acid or a 
salt thereof. 

3. Process according to claim 2, characterized in that an acid solution is not 

1 5 simultaneously added during addition of between 1 and 3 molar equivalents of 

hypochlorite based on the amount of 3,4-O-isopropylidene-L-threonic add or a 
salt thereof. 

4. Process according to any of claims 1-3, characterized in that the aqueous 
hypochlorite solution has a pH > 9.0. 

20 5. Process according to any of claims 1-4, characterized in that the aqueous 
solution of 3,4-O-isopropylidene-L-threonic acid or a salt thereof is a buffer 
system with a pH between 4 and 7. 

6. Process according to claim 5, characterized in that the aqueous solution of 
3,4-O-isopropylidene-L-threonic acid or a salt thereof is a buffer system with a 

25 pH between 5 and 6. 

7. Process according to claim 5 or 6 r characterized in that the buffer system is 
formed by an acetic acid/acetate-buffer. 

8. Process according to any of claims 1 -7, characterized in that 3,4-0- 
isopropylidene-L-threonioacid or a salt thereof is prepared from 5,6-0- 

30 isopropylidene-L-ascorbic acid or a salt thereof in the presence of H2Q2 and a 

base, wherein optionally excess H 2 0 2 is removed. 

9. Process according to claim 8, characterized in that the excess hfeOJs 
removed by catalase. 
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10. Process according to claim 8 or claim 9, characterized in that 3,40- 
isopropylidene-L-threonic acid or a salt thereof is prepared by reaction of L- 
ascorbic add or a salt thereof with an acetonide forming agent 

1 1 . Process according to claim 1 0, characterized in that 3,4-O-isopropylidene-L- 
5 threonic acid or a salt thereof is prepared in the presence of an acid catalyst 

12. Process according to any of claims 1-11, characterized in that (S)- 
glyceraldehyde acetonide is extracted from the aqueous solution- 
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ABSTRACT 

The invention relates to a process for the preparation of {Sy- 
glyceraldehyde acetonlde in aqueous solution from 3,4-O-fsopropyifdene-L-threonic 
5 acid or a salt thereof in aqueous solution, and hypochlorite in aqueous solution wherein 
the aqueous hypochlorite solution has a pH > 7.5 and wherein during addition of at 
least 0.1 molar equivalents of hypochlorite based on the amount of 3,40- 
isopropyfidene-L-threonic add, an acid solution is not simultaneously added. The 
invention also relates to a process according to the invention, wherein 3,4-0- 

1 0 isopropylldene-L-threonic acid or a salt thereof is prepared from 5.6-O-isopropylidene- 
L-ascorbic acid or a salt thereof in the presence of H*0 2 and a base in a manner known 
per se t wherein excess H 2 0 2 is optionally removed by catalase. The invention aiso 
relates to a process according to the invention, wherein 5,6-O-isopropylidene-L- 
ascorbic acid or a salt thereof is prepared by reacting L-ascorbfc acid or a salt thereof 

15 with an acetonide forming agent, preferably in the presence of an acid catalyst. 
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